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AB3TRACT

48 part of the program to develop and evaluate gnuitable protective
measures for materials against the effects of flash fires associated with
the thermal radiation of atomic explosions, a laboratory method using black
filter paper media has been devised and applied in the investigation and study
of several commercially available water-soluble type flame retardante, This
report describes the method as well as the quantitative and qualitative modifi-
cations resulting in the combustion behavior of ¢ellulosic material by treat-
ment with different concentrations of each retardant. The mechanisms by which
these agents are presumed to function are briefly outlined, The relative
effectiveness of these products to reduce the material destruction hazards
attendant upon exposure during a nuclear detonation was determined., All of the
flame retardants evaluated increased the {lame and giow resistance of the black
paper. It may be expected that these retardants wili likewise reduce the
combustibility of cotton goods and other cellulosic kindling materials. The
heat R;bransfer through layers of black and white filter papers :ls discussed
br'iel.l.y .
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Ref:s (a) COMNYKNAVSHIPYD ltr C-S99/LS Seriai C-960-92 of 1l Mar 1950
(b) BUSHIPS restr spdltr S99-(0) (348) Ser 348-7% of 6 Apr 1950
(c) MATLAB NYKNAVSHIPYD Project 50L6-3 Part 11

Encls (1) Properties of No. 2 and No. 29 Filter Papers

(22 Classification of the Fire Retardants

(3) Critical Energy Values of Black Filter Paper

(4) Thermal Radiation Resistance of Black Filter Paper

(5) Thermal Radiation Resistance and Add-on

(6) Ignition Characteristics of the Fire Retardants

(7) Thermmal Radiation Resistance of Black and White Filter Papers

AUTHORITY

1. This investigation is part of the general program proposed by reference (&)
and formally approved by referencc (b)e The general Thermal Radiation program
is under the supervision of the Armed Forces Special Weapons Project.

INTRODUCTION

2. The use of incendiary weapons in modern warfare stresses the need for pro-
tection against primary and secondary fires in defense and civilian areas,
Considerable interest has been shown by both military and civilian organizations
in the flameproofing of materials as an effective means of achieving increased
protection against war--and peacetime fire hazards. The importance of such pro-
tection is emphasized by the increased demand, production and ever widening
application of flameproofing agents. Large amounts of these agents have been
required for the fireproofing of barracks, airports, industrial plants, dwell-
ings, theatres, and other public areas. The cellulosic materials, such as wood
and textiles, used in these structures and their contents and in clothing
worn by civilian and military personnel, are the mosi combustible types and,
hencey require the greatest amount of protection. This report covers the evalu-
ation of %en of the water-soluble or temporary type of commercial flame retard-
ants obtained from seven different manufacturerse An attempt is made to deter-
mine the extent of applicability and relative degree of material protection
afforded by these agents against the specific hazard of ABD thermal radiation,

EXPERIMENTAL FROCEDURE
3. The base material selected for this investigation was a Whatman No, 29
Black Filter Paper, whose physical and chemical. properties are given in

enclosure (1). Strips measuring 1 X L inches were cut from commercial 18.5-cm-
diameter stock and weighed, The specimens were immersed for one minute in a
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flame retardant solution of known concentration, Pickups of 5, 10, 15, 20 and
25 per cent were cbtained by usinyg different concentrations. All solutions
were kept at room temperature. The wet strips were suspended in a vertical
position and allowed o air-dry for a minimum of twenty-four hours before
being reweighed to determine the amount c¢f fire retardant retained. Two of the
impregnated specimens, of equal add-on, were mounted, end to end, to form an
8 inch strip, on the surface of a 1 X 8 X 3/8-inch melamine fiberglas-laminated
block containing a central channel 1/2 X 8 by 1/4-in. deep. This channel or
groove served as the air background for combustion. A mask, made of the same
material as the block and having four U-shaped openings, covered the specimens
and held them in pcsition. With the mask in place; the exposed area was approxi-
mately 40 per cent of the total area of the strips. This assembly was secured
to a carriage which moved horizontally, at a controlled speed, across a source
which furnishes an irradiance of 85 cal/cmPsec. Flaming and glowing character-
istics were noted auring and immediately after exposure. The radiated strips
were wsighed and relative per cent weight 1loss based on impregnated weight was
determinea for sach. The specimens were examined for points of initial char
formation and burn-thro gh, e.g. cracks or other spaces through which radiaticn
may pass freely. To each of these points was assigned a thermal energy value
- in cal/cm® ard designated, respectiveiy, as the critical energy at char-through
and the critical energy at burn-through. These values were obtained by multi-
plying the time in seconds by the irradiance; the time being that required for
- the 1l-cm length of strip, wherein the destructive effcct cccurred, to traverse
the point of focus of the radiation source. The speeds employec gave radiant
exposures ranging from about 1.5 to 10 cal/cms. A minimum of 60 strips were
impregnated with each flame retardant, twelve for each of 5 add-cns. Based on
the combustion behavior of the treated specimens during and immediately after
exposure, the compounds were grouped as {iame and glow recardants, flame re-
tardants or non-effectives, Within each group they were classified according
to the predominant chemical constituent, as determined by Manufacturers!
information and qualitative tests, and are listed in enclosure (2) in order
of the average difference, for the various add-ons, between the critical
energies at burn-through and char-through. This difference indicates the ten-
dency of the flameproofing agent to affect the quality and rate of formation
of char resulting from the decomposition of the cellulose, The greater this
difference, the more effective is the agent in promoting rapid formation and
longer retention of a continuous; unbroken char barrier which may be considered
opaque in thermal radiation. The relative weight loss as a function of radiant
exposure was determined for each add-on, indicating quantitatirely the ret.rding
and char forming tendencies of the compounds. Combustion characterization tests
of the compounds were made by carefully igniting, over a bunsea flame, a small
amount of each contained in an open crucible, Observations were made of any
frothing, boiling, fuming, puffing and melting. This information was used as a
guide to ascertain and explain the probable mechanisms by which each compound
functioned. The usual qualitative chemical procedures were employed to determine
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the presence of basic or acidic constituents such as ammonia, borate, phosphate,
sulfite and sulfamate.

RESULTS

Le The black filter paper begins to flame at about 1.5 cal/em®. It chars-
thrcugh and burns-through simultaneously at 4.3 .al/cm®, accompanied by a
sharp increase in weight loss. Afterglow begins at this velue and is inter-
mittent at higher energies. Afterflame was not evident at low or high energies.
The relative weight locs was about 1.5 per cent/cal. betwgen 1 and 3 cal/cm
and increased to about 10 per cent between 3 and 6 cal/czg. The flaming charac-
teristics of flameprooted stock, up to about 3 calories, were essentially the
same as those of the untreated material, except that the flames appeared some-
vhat shorter «nd more highly colored. Char-through for the treated specimens
occurred at about 0.5-1 cal/cm? lower than that for the untreated specimens.
The average burn-through critical energy for the group, for all add-ons, was
6.5 cal/cm@, an increase of about 50 per cent over unjireated stock. Specimens
imgregnated with 25 per cent NaCl required 5.6 cal/cm®. The critical energies
for lower pickups were the same as those for vntreated paper. Afterflame was

. noted in a few instances for three of the compounds, fcr the lower add-ons.
Approximately cne-half of the comrounds exhibited afterglow, but at higher

. energy densities than in the case of the corresponding untreated stock. The

. critical energies are listed in enclosure (3). Beyond 3 cail/cm? the slopes
of the relative weight loss vs energy curves of flameproofed specimens, for
all the add-ons, wers lower than similar curves of untreated stock. At burn-
through the difference was at least 50 per cent., For the non-effective NaCl-
treated papers, the slopes were higher. Typical curves are presented in en-
closure (4). Ourves showing the affects of add-on are presented in enclesure
(5). The flame retarding compounds, when heated in an open crucible gave
evidence of one or more of the following stages and in the order iisted; froth-
ing and boiling with evolution of gas and vapor, fuming, puffing and svelling
of the mass to many times its original vciume, melting and contracting of the
puffed mass into a glass-like ash. Enclosure (6) lists the behavioxr of each
retardant. The preparaticn of solutions of these agents was simplified by
their high solubilities in water at different concentrziions. They had no
"dusting® tendencies, even at high add-ons. Sodium chloride effloresced when
used above 20 per cent pickup. Two of the compounds which were received as
viscous solutions, appeared to "dry-out® after 3 or L weeks. This did not
appear to affecect their flame retarding properties. Jualitative tests of each
agent indicated the presence of one or more of the following chemical groups:
ammonium, phosphate, borate, sulfite, sulfamate, sodiun and potassium. One
sample appeared to have soue organic phosphate as a constituent.
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DISCUSSION

S« Reference (c) describes several standard procedures for the evaluation of
flameproofing agents. In genersl; they require the exposure of a treated
substance to a flame, The type of flame, its height and exposure time are all
specified. Duration of time of flaming and glowing of the material immediately
after flame remcval, char area and other visual destructive effects are noted,
In terms of these tests, information on the relative flame-and glow-retarding
properties of many types of compounds is well established. Not firmly settled,
kowever, is the knowledge of the effectiveness of these chemicais to protect
materials against a high-intensity, radiani heat pulse. It was recognized
that the results would be influenced by the nature and color of the base material,
Hence, fr~ laboratory study, it was decided that cellulose stock in filter-
raper form satisfied most of the requirements of 2 sultable standard. It was
adopted because of its purity, availability, combustibiliiy, apsorbablility and
ease of manipulation. 4idd-on was easily controlled. Specimen mounting presented
no difficulties. Black paper had the additional advantage of possessing a
relatively flat optical absorptance over a radiation band extending from L000-
10,000 A. None of the flame retardants had dusting tendencies which would
appreciably modify this optical characteristic of the paper. The high burn-
through value obtained for the non-effective NaCl at 85 per cent add-on may be
attributed to the increased reflectance caused by efflorescence, Because of the
very snort time intervals involved in the thermal radiation exposure, it was
difficult to determine the exact mechanisms, for each retardant, which were
effective in modifying the cellulose degradation. It can be assumed, however,
that the combustion theories evolved from flame axposure studies apply to shorte
time radiation exposures. An examination of the ignition products and behavior
of each compound mixture offered some valuable clues. For example, the de~
tection of ammonia and steam in the initial low temperature phases of ignition
suggests mechanism (a) as outlined in paragraph 11 of reference (c), viss
evaluation of non-combustible gases which envelop the material thus preventing
the ignition of ccmbustible evolution products as the material decomposes.®
Puffing or swelling of the fire retardant during ignition suggests the principle
of "intumescence" or the formation of an insulating layer which protects the
surface underneath from further thermal damage. Fusing or melting of the com-
pound would favor the smothering mechanism or the prevention of oxygen from
reaching the material., Thus, the results of the ignition behavior studies
indicate that the majority of these flame retardants function by more than one
mechanism. The ultimate overall visual effects of this multiple action were
almost identical for each zagent. Briefly, it consisted of the early formation
of a charred mass whpse shape and physical continuity was retained up to an
average value of about 6.5 cal/cm?, In terms of a radiation barrier, this be-
ihavior was noteworthy, although it was realized that the mechanical strength

of this barrier was low. Afterglow, a more specialized combustion effect, was
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caused by and appeared to be a characteristic of those retardants wiiich in the
frming stage of ignition indicatsd the abzence of gppreciabls amcunts of acid
vapors, Thesa same retardants buffed considerably and had a comparatively

high proportion of glass-like ignition residue similar to that left by Boraxe
The combustion behavior of flame-retarded white filter paper upon exposure to
thermal radiation presented some interesting resuits. Untreated white stock

of the same thickness as the black, showed almost no weight loss wp to abecut

30 cal/cm?, Between 30 and 35 cal/cm2 tiie weight luss increased shagply to
about 30 per cent at the rate of approximately 8 pei cent per cal/em®. This

was accompanied by burn-through when treated with one of the flame~ andglow-
proofing agents, the same 30 per cent loss in weight occurred between 20 and

30 cal/cm? and the rate fell to about i per cent gor cal/em?, The general

shape of this curve resembled that obtained with untreated hiack vaper. Curves
for black and white stock are presented in enclosure (/). ..fteiflame which
occurred with untreated white stock was completely suppressea by i{lameproofing.
Further, when an untreated white strip was placed over and in ccntact with an
untreated black, the weight-loss-cnergy relationsnip of the white top layer

was the same as that given by a single white layer. Up to about 15 cal/cm?,

the less in weight, of the black layer was negligible. From 15 to 35 cal, the
weight loss per calorie was about one per cent. The average char-through and
burn-through values of flame-retarded white {ilter paper for all add-ons were

13 and 28 cal/cm?, respectively. The values for untreated stock were both

about 3l cal/em?, This anomalous behavior of lowered resistance after flame-
proofing appears to be 2 characteristic of white stock, so that due consider-
ation must be given this fact in a flame-retardant evaluation study. It
appears, also, that observaiicns of after-flame and after-glow behavior should
be inciluded, If these evaluation criteria of char-through, burn-through and
weight loss are used and if full cognizance be given to the increased absorp-
tance effects of early char on white material, a closer analysis of the data
presented in reference (d) would indicate that those flame retardants functioned
as expected., Slight scorching or charring of the Erifon, Rezgard A and Pyroset
D treated cloths occurred at 1-2 calories lower than on the untreated., Complete
destruction energy vzlues of %he black cotton specimens are given as 12,2
cal/cm?, None of the flameproofed specimens was reported as completely destroyed
and except for the treated white, the destruction values (not complete destruc-
tion) of the treated cloths were at least eqgual to those of the non-flameproofed
fabrics. If this modification of the interpretation of the data of reference (4)
is correct, it must be conceded that the flameproofing treatments, employing
Erifon, Rezgard A and Pyroset D, are effective in retarding cloth damage.

CONCLUSIONS

6. The laboratory method of determining the radiant exposure to cause combustion
effects, such as char-through, burn-threugh, relative weight loss, terflame and
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afterglow of impregnated black £iller paper. sppears valid and useful in the
investigation and appraisal of water-ssluble type flame retardants to reduce
destruction of cellulose-like materials which are exposed to high-intensity,
therma® radiation. Helpful guides in the study of combustion behavior and
protective mechanisms by which flameproofing agents function, may be obtained
by examination and comparison of the slopes of the weight-loss-energy-density
characteristics of treated and untreated specimens and by observation of the
ignition beshavior of each retardant corpcund or mixture. Based on the results
of these procedures, it may be concluded that all the commercial retardants
evaluated increased the flame -and glow resistance of the black psper. The
chief characteristic effects were the early formation and long retention of 2
continuous unbroken mass of carbonaceous residue. It may be expected that
these retardants will behave in the same relative order of effectiveness when
applied to other similiar celliulose materials, including cotton fabrics.

Approved:

Y 4
/—/‘ /a 6_1_-“'“"‘—*‘:5'—
H.T. KOONOt, CAPTAIN, USN

The Director

RESTRICTED
9
sm
e e e S S AP AN SRR
b Ei’_ﬁ';n..;.;;, ¥ T
% -ﬁﬁi‘é j{i*“' s 8 .

> %
,":’ G Jﬁ{ 4% E



RESTRICTED

Lab. Project 5046-3 Part 38
C Final Report

1.

2.

3.

BIBLIOGRAPHY

Little, R.W., "Flameprocfing Textile Fabrics", American Chemical Society
Monograph 1¢L. Reinhold Publishing Corp., New York, 19L7.

G

Ramsbottom, J.E., "Flameproofing of Tertiles",; Dept. of Scientific and
Industrial Research, Great Britain, H.M. Stationery Office, 1947.

Church, J.M., "Fundamental Studies of Chemical Retardants For the Fire
Resistant Treatment of Textiles", Textile Scries Report No. 38, Office
of Technical Services, U.S. Department of Commerce, 1952,

RESTRICTED

10

N S e R BTN N



RESTRICTED Lab, Project 50L46-3 Part 238
Mnal Report
Material Laboritory Enclosure (1)

PROPERTIES OF NO. 2 and NC. 29 FILTER PAPERS

PROPERTT NO. 2 NO. 29
U R s U R s
Color White Black
Thiekness Mils 8 8 8.5 9 8 8
Weight 0z/yd® 2,7 - - 2.8 = -
Reflectance
(L,000~10,C004) % 76 7 75 LS S.0 5.0
Transmittancs
(4,000-10,0004) % 20 19.5 20 0 0 0
Absorptance
. (4,000-10,0004) % h 3.5 5 95.5 95 95
nChar-througk cal/cm?. 3L SR he3 L.0 3.4
) "Burn-through cal/cmé" 3L - - ko3 7.0 L3

Average Relative Weight Loss

Range (0-3 Calories/cm?) %/cal. - - - 1.5 l.1 2
mo(3-6 % #) = = - - - 10 b 12
" (0-20 ™ ny m om - = " - = 2
" (20-30 ® ")y n n 1 - - - - -

U = Untreated Stock
R = Rezgard "A" (10% Add-on)
S = Sodium chioride (® » n)
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CLASSIFICATION OF THE FIRE RETARDANTS

GROUP I - FLAME-AND GLOW RETARDANTS

Class A - Phosphates Manufacturer

1l - Rezgard maw Monsanto Chemical Co.

2 - Flameproof YWY-RB Apex Chemical Co.

3 ~ Akaustan General Dyestuff Corp.

L ~ Albi- wg» Albi Mfg. Co., Inc.

5 = Flameproofing Agent 313 Glyco Products Co. Inc.
Class B - Sulfamates

1l - Flameproof No. 29C-C Apex Chemical Co.

Grour. YT - Flame Retardants

Class A - Borates

1 - Quaker Diapene AB Quaker Chemical Products Corp.
2 = Arko Flameproofing Compound AS Arkansas Co., Ince
3 - Arko Fire Retardant 68 B Arkansas Co., Ince.

Lk - Avopon Glyco Products Coe., Ince
' Group III - Non-Effectives
Class A - Chlorides

1l - Common Salt
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Enclosure (3)

CRITICAL ENERGY VAIUES OF
BLACK FILTER PAPER

Add-On 5% 10% 15% 20% 25¢%
Flame Retardant B-T C-T B-T C-T B~T C-T B-7 C-T B-T C-T
Rezgerd mA" 6.9 Lol 7.0 LG 9.3 Lok 10+ L.l 20+ 3.9
Apex XWX-B 7.4 hal 6.9 L.5 7:3 hok 6s5 3.7 6.l 3.7
Apex 290-C 5.7 Lok 6.7 L.b 6.5 5.6 - = 7.0 5.6
Albi-#K# 6 Lol 6.1 3.7 6.6 L 6.9 Lok 6.8 3.7
Akaustan 5;7 395 509 307 6.6 305 703 hol 661{ L’al&
C'lyco 313 509 hoz 507 hoo 6.6 h.S 6:’.! 308 602 ,-108:
Arko 98B 5.7 L. 5.6 Le2 5.7 bL.8 5.6 L.l 5.7 L.5
Arko CPD. AS 5.6 Lol 5.6 3.7 5.6 Lok 5¢3 L0 S Le2
AbOPOIl 506 hos 5.6 hoé 5.6 hos 5.2 hol Soh hol
Diapene =58 5»1 3@1 5.6 3.2 5.6 303 5.6 392 5.6 3.0
Common Salt hoB 3011 h03 30}4 h03 303 hoB 305 5.6 303
No. 29 Black
Paper B-T =h03 C-T“ho:’l
No. 2 White
Paper B-T= 3L C-T=3L

NOTES: (1) Critical Energy (Calories/Cm2) is the minimum or critical

quantity of radiant energy required to produce specific de=-

structive effects,

(2) ®Burn--Through" (B-T) that degree of destruction of material
which results in the formation of a c¢rack, hole cr other
opening.
(3) "Char-Through" (C-T) that degree of destruction of material
which results in the initial formation of char on the back
or non-radiated surface,
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Material Laboratory Eanclosure {(5)
Radiant Exposure
Lo \ (cal/cm?)
— . 602
30 Sodium Chloride
20 Wg;
10 \
3.1
0
) 30 Resgare=A"
8
a 20 '\ i
s 10 T
A o —
5 =
L <)
% Lo
- ALBI X"
P
"'--._____________‘.-""-'_ .2
20
10
— W —
1 1 1 | 1 |} 2 I e
5 10 15 20 2¢

Add-on (per ceat
Jercal Radiatdon Hesistance and Add-on
‘(No. 29 Whatman Biack Filter Paper)
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Material Laboratory Enclosure {5}

IGNITION CHARACTERISTICS OF THE FIRE RETARDANTS

Flame Retardant Frothing Boiling Fuming Puffing Melting

Rezgard "A" + - + - +
Apex XWX-B + - + - +
Apex 290-C + + * - =
ALBI nKn + - + - +
Akaustan + - * - +
Glyco 313 + - + - +
Arko 98B + = + + +
Arko CPD. AS + - + + +
Abopon + - + + +
Diapene AB + - + + +
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Asst Chief of Staff, G-3, D/A, Washington 25, D. C., ATTN: OSC,G-3(Rre&aSW) |
Asst Chief of Staff, G-4, D/A, Washington 25, D, C. |
Chief of Ordnance, D/A, Washington 25, D. C., ATTN: ORDTX=AR i
Chief Signal Officer, D/A, P&O Div, Washirgton 25, DC, ATTN: SiGOP 3
The Surgeon General, D/A, Washington 25, DC, ATTN: Chairman, Med R&D Bd 3
Chief Chemical Officer, D/A, Washington 25, D.C. 2

Chief of Engineers, D/k, Mititary Construction Div, Protective
Construction Br, Washington 25, D. C., ATTN: ENGEB 1

Chief of Engineers, D/A, Civi! Works Div, Washington 25, D. C. ATTN:
gngineering Div, Structural Br !

The Quartermaster General, CBR, Liaison Office, R&D Div, D/A,
A Washington 25, 0. C, 2

Chief of Transportation, Mil Pianning & Intelligence Division,
Bidg -7, Washingron 25, D. C. [

Chief, Army Field Forces, Fort Monroe, Virginia L

Army Field Forces Board #i, Ft. 8ragg, North Carolina ]

Army Fleld Forces Board #4, Ft. Bilss, Texas i
Commanding General, First Army, Governor's Isiand, New York L, N.Y.,
ATTN: G-I i
G=2 I
G-3% 1
G=L |
Commanding General, Second Army, Ft. George G. Meade, Md, ATTN: AIABB i
AlABD !
Commanding General, Third Army, Ft, McPherson, Ga., ATTN: ACofS, G=-3 2
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Commanding General, Fourth Army, Fi. Sam Houston, Tex, ATTN: G=3
Commanding General, Fifth Army, 1660 E, Hyde Fark Blvd, Chicago !5
Iit, ATTNs ALFEN
ALFOR

Commanding Generai, Sixth Army, Presidio of San francisco, Calif.,
ATTN:  AMGCT=-L

Commander-in=Chief, Far East Cormand, APO 500, c/b PM, San Francisco,
Calif, ATTN: ACofS, J=3%

Commanding General, U, S. Army Forces Far East (Main) APO 343, c/o PM,
San Francisco, Calif, ATTN: ACofS, G-3

Commanding General, USAR Aiaska, APC SL2, c/o PM, Seattle Washington

Commanding General, USARCARIB, APO 83, c/b PM, New Orlieans:
Attention Chemical Officer USARCARIB

Commanding General USARFANT & MDPR, APO 851 c/b PM New York, N.Y.

Commanding General, USARPACIFIC, APO 958, c/b PM,San Francisco, Calif,
ATTN: Cml Off

Commandant, Command & General Staff Coliege, Ft. Leavenworth, Kan,
ATTN: ALLIS(AS)

Commandant, The Infantry Schecol, Ft. Berning, Gas., ATTN: C.D45,

Commandant, The Artillery School, Ft. Sil!, Oklahoma

Commandant, The Armored School, Ft. Knox, Ky, ATTN: Class Doc Sect,
Eval & Res Dive

Commanding General, Medica! [icld Service School, Brooke Army Medical
Center, Ft. Sam Hcuston, Texas

Surgical Research Unit, Brooke Army Hospivai, San Antonio, Texes

Commandant, Army Medical Service Graduate School, Walter Reed Army
Medical Center, Washington 25, D.C., ATTN: Dept of Biophysics

The Superintendent, USMA, West Point, NY, ATTN: Prof of Ordnance
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Commandant, Chemical Corps Schooi, Cml Corps Trng Command, Ft. McClellan,
Ajabama

Comnmanding General, Research & Engineering Cnd, Army Cml| Ctr, Md.,
ATTN: Special Project Officer

Commanding General, Aberdeen Proving Grounds, Md, ATTN: RD Control
Off for Director, Ba!listics Research & Dev Lab,

Commanding General, The Engineer Center, Ft, Belvoir, va, ATTN: Asst
Cmdnt, The Engineer Schooi

Commanding Officer, Engineer Research & Dev Lab, Ft. Belvoir, Va.,
ATTN: Chief, Technical Intelligence Br.

Director, Sppcial Weapons Development Office, OCAFF, Ft. Bliss, Texas
Chief of Research & Development, D/k, Washington 25, D.C,
Commanding Officer, Picatinny Arsenal, Dover, New Jersey, ATTN: ORDBB=-TK

Commanding Officer, Frankford Arsenai, Philadelphia 37, Pa., ATTN: RD
Control Officer

Commanding Officer, Army Medical Research Laboratory, Ft. Knox, Ky.

Commanding Officer, Chemical Corps, Cml & Radiological Lab, Army Cml
Ctr, Md, ATTM: Technica! Library

Commanding Officer, Transportation R&D Station, Ft. Eustis, Vae
Chief, QA R&D Lab,, Philadelphia QM Depot, 2800 S 20th St. Philadelphia
L5, Pa., ATTN: Mr. John Davies
Technical Library

Director; Technical Documents Center, Evans Signal Lab., Belmar, NJ

Director, Waterways Experiment Statiun, PO Box 631, Vicksburg, Miss,
ATTN: Library

Director, Operations Research Office, Johns Hopkins University, 6410
Connecticut Avenue, Chevy Chase, Mde., ATTN: Library

NAVY

Chief of Naval Operations, D/N, Washington 25, D. C., ATTN: Op-36
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Chief of Naval Operations, D/N, Washington 25, D, C., ATTN: Op=-5i

Chief of Nava! COperations, O/N, Washington 25, DC, ATTN: Op~37L(0CEG)

P

Chief, Bureau of Medicine & Surgery, D/N, Washington 25, bC, ATTN:
Special Weapon. Defense Division

Chief, Bureau of Crcnance, D/N, Washington 25, D. Cs

Chief, Bureau of Fersonnel, D/h, Washington 25, Ds Ce, ATTNs Pers C
< Chief, Bureau of Ships, D/N, Washington 25, D. C., ATTN: Code 348
Chief, Bureau of Suppllies & Accounts, D/N, Washington 25, D. C.
Chief, Bureau of Yards & Docks, D/N, Washington 25, D. C., ATTN: P=312

Chief, Bureau of Aeronautics, D/N, Washington 25, D. C,

Badine S e s L

Chief of Naval Research, Code 219, Rm 1807, Bldg T-3, Washington 25, DC
ATTN: RD Control Officer

Commander-in-Chief, US Pacific Fleet, Fleet Post Office, San Francisco
Cal ifo

in=Chief, U. S. Atlantic Flect, U,S. Naval Base, Norfolk 11,
Commander, Operational Dev fForce, US Atlantic Fleet, USN Base, Norfolk
i1, va, ATTN: Tact Dev
Air Dept
Commandant, US Marine Corps, Washington 25, DC, ATTN: Ccde AO3H

fresident, US Naval War Ccliege, Newport, Rhode Island

L

Superintendenr, UC Maval Postgraduaie School, Yonterey, Calif,

Commanding Of ficer, U.S. Naval Schools, Command, Naval Station,
Treasure Isiand, San Francisco, Califs.

ODirector, USMC Deveiopment Center, USMC Scheols, Quartizo, Va,
ATTNs Tactics Board
Equipment Board

Commanding Officer, U.S, Fleet Training Center, Naval Base, Norfolk,
11, Va. ATTN: Special Weapons School
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Commanding Officer, U, S. Fleet Training Center, (SPWP Schooi},
Nave! Base, San Diege 35, Calif,

Commanding Officer, Air Development Squadron 5, U.S. Naval Air
Station, Moffett Field, Calif.

Commanding Cfficer, U.,S. Naval Damage Control Center, Naval Base,
Philadelphia 12, Pa,, ATTN: ABC Defens¢ Course

Commaniding Officer, U, S. Naval Unit, Chemical Corps School, Army
Chemiczl Training Center, Ft. McClelian, Ala.

Commander, U. S. Navai Ordnance Lab, Siiver Sprinas 19, Md, ATTN: EE
Alias
Al fex

Commander, U, S. Maval Ordnance Test Station, Inyorern, China Lake,

Cai ifs

Officer-in-Charge, U. S, Naval Civil Engineering Research &
Evaluation Lab., Construction Battaiion Center, Port Hueneme,
Calif., ATTN: Code 753%

Commanding Of ficer, U. S. Navai Medical Researcin Institute, Nat'l
Naval Medical Center, Bethesda |, Md.

Director, U. S. Naval Research Laboratory, Washington 25, D. C.

Commanding Officer, David W, Taylor Model Basin, Washington 7, D. C.,
ATTN: Library

Director, The Material Laboratory, New York Naval Shipyard,
Brooklyn |, New York

Commanding Officer & Director, USN Electronics Lab., San Diego 52,
Caiife., ATTN2 Code 210

Cuwmznding Officer, U.S. Naval Radiological Defense Lab., San
Francisco, Calife, ATTN: Tech Info Dive

Director, Office of Naval Pesearch Branch Office, |000 Geary St.,
San Francisco, Calife

Commander, U, S. Navai Air vev Canter, Johnsville, Pa,

Of ficer-in=Charge, Naval Clothing Factory, U.S. Nava!
Activities, New York 3rd Ave & 29th St., Brooklyn 32,

ooy

ATTin: R&E Div
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Commanding Officer, Naval Medical Field Research Lab., Camp Le jeune
N. C,
-5«

e ———— o = t—————

Voot ae.

b Y

&
2



,lil"uﬁwnnnnl

CISTRIBUTION LIST NO. 100 (Conttd)

AIR FORCE

Assls;pnf for Atomlc Energy, Hqs, USAF, Washington 25, DC, ATTN:
DsC/0

Asst for Dev. Planning, Hgs, USAF, Washington 25, DC.
Director of Operations, Hqs, USAF, Washingten 25, DC.

Director of Operations, Hqs, USAF, Washington 25, DC, ATTN:
Ops Analysls

Director of Pians, Hgs, USAF, Washington 25, DC, ATTN: War Pians Div

Directorate of Requirements, Hqs, USAF, Washington 25, OC,
ATTN: AFDRQ-SA/M

Directorate of Research & Devglopment, Armament Dive, DSC/b,
Hgqs, USAF, Washington 25, DC.

Directorate of Intelligence, Hqs, USAF, Washingtcn 25, B2,
ATTN: AFOIN-iB2

The Surgeon General, Hqs, USAF, Washington 25, DC, ATTN:
Biologica! Defense Branch, Preventative Medicine Division

Commanding General. Far East Air Forces, APO 925, c/b P,
San francisco, Calif,

Commanding General, Alaskan Air Command, APO 942, c/c PM,
Seattle, Washington, ATTN: AAOTN

Commanding General, Northeast Air Command, APO 862, c/b Ps,
New York, N.Y., ATTH: Def Div 0/0

Commanding General, Strategic Air Command, Offutt Air Force Bese,
Omaha, Neb, ATTN: Chief, Operations Analysis

Commanding General, Tactical Air Command, Langiey AFB, Va., ATTN:
Doc Sec Br

Commanding General, Air Defense Command, Ent AFB, Colo, ATTN: ADMAR-2
Commanding General, Air Material Command, Wright-Patterson AfB,

Dayton, Ohio, ATTN: Air Installations Dive, MCHIXDL, Special
Studies Office
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Command ing Generql, Air Training Command, Scott AF8, Belleville,
Iii, ATTNs DCS/0, GTP

Commending General, Air Research & Development Comnand, PO Box 1395,
Balfimore, Md.,, ATTN: RDDN

Commanding General, Air Proving Grounds, Cmd, Egl in A¥8, Fla.,
ATTN: AG/TRB

Commanding Generai, Air University, Maxwel! AFB, Ala.
Commandant, Air Command, & Staff School, Maxwel | AFB, Ala.
Commandani, AF 5choc! cf Aviation Medicine, Rardoiph AFB, Texas

Commanding General, Wright Air Dev Cir, Wright-Patterson AFB,
Dayton, Ohio, ATTN: WCOESP

Commanding General, AF Cambridge Research Center, 230 Albany St.,
Cambr idge, Mass, ATTN: Atomic Warfare Directorate
CRTSL=-2

Commanding General, AF Special Wearons Center, Kirtland AFG,
@ NM, ATTN: Chief, Technical Library Br

Commandant , USAF Institute of Technology, Wright=-Patterson AFB,
» Dayton, Ohio, ATTN: Resident Ccllege

Commanding General, Lowry AFB, Cenver, Coio., ATTN: Dept of
t Traini

Armamen

Commanding General, 1009th Special Weapons Sq, Hqs, USAF,
‘Washington 25, OC.

The RAND Corporation, 1700 Main St., Santa Monica, Calif, ATTN:
Nuclear Energy Division

PANEL ON ISERMAL RADIATION

Dr. Je D. Hardy, Dept of Phwiology, Cornell University Medical
Coliege, 1300 York Avenue, New York |, New York

Prof ils C. Hottel, Mass. Institute of Tech., Cambridge, Masss
Or. E. O. Hulbert, Naval Research Laboratory, Washingtcn 25, D.C.

Or. H. E. Pearse, Strong Memorial Hospital, 260 Crittenden Bivd,,
University of Rochester, Rochester 7, N. Y.
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AFSWP & AFSWP CONTRACTORS

Director, Tech Operations, Ince., 6 Schouler Court, Arlington Tl, Mass.
Dr. E. I, Evans, Medicsl College of Virginia, Richmond, Veae

Californis Forest Experimental Station, US Forest Service, PO Box
24,5, Berkeiey, Calif, ATTN: C. C. Buck, Div Forest Fire Branch

Prof, C. Co Willlams, Dept of Cml Eng, Mass Institute of Technology,
Cambr idge, Mass,

Mr. He Do Bruce, forest Products iab, No., Walnur St, Madison 5, Wisc.
Commanding General, Field Command, AFSWP, PO Box 5100, Albuquerque, NM
Chief, AFSWP, PO Box 2610, Washington 13, DC

OTHERS

Dr. R. P. Peterson, Director, Applied Physics Div, Sandia Corpe,
Albuquerque, New Mexico

Dr. Alvin C. Graves, J=-! Div., Los Alamos Scientific Lab, PO Box 16563,
Los Alamos, New Mexico

Dr. Harold Agnew, Director's Office, Los Alamos Scientific Lab.,
P. O. Box 1663, Los Alamos, New Mexico

Executive Secretary, JCS, Washington 25, OC

Director, Weapons Systems Evaluation Group, 05D, Rm 2E1006,
Pentaqgon, Washington 25, DC

Assistant for Civil Detense, O30, Washington 25, DC

Chairman, Armed Services Explosnves Bd, DOD, Rm 2403, Barton Hall,
Washington 25, DC.

Chairman, Research & Development Board, DOD, Washington 25, DC,
ATTN: Technical Library

Commandant, Armed Forces Staff College, Norfolk 1i, Va., ATTNs
Secretary

Enyineering Research, University of California, PO Box 14063,
Westwood Village Station, Los Angeles 2L, Calif.
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Because of our limited supply, you are requested tc return this copy WHEN IT HAS SERVED
YGUR PURPOSE so that it may be made available to other requesters., Your cooperation
will be appreciated.

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
i ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
'NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
SAIN DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
4  IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY CTHER
~'I PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY iN ANY WAY S8E RELATED THERETO.
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